Since the importance of water treatment and reuse is becoming greater, a lot of filtration devices and membranes have been developed so far. And technical demands for finer filtration, or separation, have been increased recently, so many researchers have focused on achieving smaller filtration sizes with filters, membranes and related devices, accordingly. Although modern fabrication techniques have shown various opportunities for that purpose, it is still challenging to fabricate pores or channels for filtration or separation in nanoscale.
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Meanwhile, it is well known that sand bed has voids inside and the voids are much smaller than the sand particles. Therefore, the sand bed has been utilized as filtration media for a long time and it is still used as basic principle for pretreatment of water in modern industries [1, 2] . This study provides a new principle for fabrication of nano voids using nanoparticles, in the similar way of sand bed. Polystyrene nanoparticles with various sizes of 150, 60 and 24 nm have been embedded in the pores of the anodic aluminum oxide (AAO) template, so that voids between the nanoparticles could be made in nano scale. These voids can be considered as effective pores for filtration or separation [3] . By this method, a lot of nano voids could be fabricated on a large area (diameter of template : 25 mm) with a simple process, which may be an important advantage for mass production in the future.
Since overall size of the voids is expected to be much smaller than that of the nanoparticles, this principle is expected to have effective separation size of a few nanometers. And as long as the size of the nanoparticles are uniform, size of the voids could be quite uniform also. Furthermore, we treated the surfaces of the nanoparticles with arginine/phenylalanine peptide ((RF)4), so that the particles could be electrically charged [4, 5] . By this way, the filtration device in this study could have separation characteristics of electric charge as well as size.
In order to evaluate embedment of the nanoparticles, water flow was applied across the device and pressure drops were measured. The pressure drops became higher as smaller nanoparticles were embedded, which means that smaller voids were made inside. And separation experiments were also performed with electrically charged dye molecule, which is methylene blue. Experimental results have also shown that higher separation rate was achieved as smaller nanoparticles were used. And the effect of the surface charge on separation performance was also measured. Positively charged nanoparticles have produced higher separation, or rejection, for positively charged methylene blue molecules. On the other hand, negatively charged nanoparticles have produced lower separation. These results show that filtration device in this study has both characteristics of size separation and charge separation. Consequently, this study is expected to provide a new principle for filtration or separation technology in nanoscale, which is also feasible for molecules, as well as the fabrication technology for nano voids or nanopores.
